SUMMARY Left atrial dimensions were measured using cross sectional echocardiography in 37 patients with mitral valve disease and 30 normal subjects of similar ages. The anteroposterior (AP), superior-inferior (SI), and medial-lateral (ML) left atrial dimensions were determined at the end of ventricular systole using parasternal long and short axis and apical four chamber views (for SIa and MLa). To assess the reliability of these measurements cross sectional echocardiographic and angiographic left atrial volumes were compared in 19 patients with mitral valve disease, giving an excellent correlation. A moderate correlation was found between the anteroposterior dimension of the left atrium obtained using M mode echocardiography and that obtained using the parasternal short axis and long axis projections.
slow motion, or single frame presentation.
The examination included the following cross sectional planes: (1) parasternal long axis view; (2) parasternal short axis view; and (3) apical four chamber view.'9 Subcostal examination of the left atrium was not performed since it is not sufficiently standardised. 13 Parasternal imaging of the left atrium was obtained with the patient in the supine or left semilateral position by placing the transducer at the third or fourth intercostal space. In the long axis view care was taken to visualise clearly the upper limits of the atrium. ' (1) Anteroposterior dimensions in the parasternal long axis (AP long) and short axis (AP short) views; (2) superior-inferior dimensions in the parasternal long axis (SI) and apical four chamber (SIa) views; (3) medial-lateral dimensions in the parasternal short axis (ML) and apical four chamber (MLa) views.
AP long and AP short dimensions were measured along the line of maximum distance between the transducer and the posterior boundary of the chamber; SIa dimensions were measured along the e parastemal long axis (a), parasternal rior dimension; ML, medial-lateral rht ventricle; RA, right atrium; AO, line between the upper point of the superior border of the cavity and the mid-point of the line joining the attachment points of the mitral leaflets to its ring; ML and MLa dimensions were measured along the line of maximum distance between the interatrial septum and the lateral boundary of the left atrium. In most cases this line was perpendicular to AP in the short axis view and to SIa in the four chamber apical view. In the parasternal short axis and the apical four chamber views the left atrial appendage was carefully identified in real time and stop action review and excluded from actual ML and MLa. In the four chamber apical view the confluence of the pulmonary veins was not included as part of left atrium.
All measurements were taken on the frame proximal to the end of T wave downslope showing the 572 group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from Assessment of left atrial dimensions by cross sectional echocardiography in patients with mitral valve disease greatest atrial size (ventricular end systole). The atrial outlines were carefully traced by the light pen system as closely as possible to the inner border of the atrial wall. The wall echoes were excluded from actual measurements. A single atrial cycle was chosen for measurements. When the endocardial outlines were not complete in any single stop frame a frame by frame review was used to fill in areas of incomplete endocardial outlines of the best atrial cycle.
Measurements were made on the same image independently by two observers, and the mean value of these two measurements was taken as the actual measurement. Expressed as coefficient of variation 100 (standard deviation/mean) the interobserver variabilities were 5-8%, 5 6%, 6.5%, 6%, 6-2%, and 6 4% for AP long, AP short, SI, SIa, ML, and MLa dimensions respectively, which are comparable to data previously reported.'2 14 The light pen system was used to generate outlines of the left atrium in the parastemal long axis and apical four chamber views. These outlines were combined by the computer to calculate left atrial volume by Goerke's and Carlsson's modification of the Simpson's rule method. 20 The SI dimension was considered the major axis of the chamber for purposes of identity between these two projections. 15 Though not at right angles, we preferred to use the parasternal long axis and apical four chamber views, since it is difficult to standardise an apical two chamber view that is really perpendicular to the apical four chamber view.
ANGIOGRAPHIC STUDIES
Biplane angiographic visualisation of the left atrium was performed in anterior and left lateral projections by injection of Renografin 76 (0.8-1.2 mI/kg) into the main pulmonary artery. Good outlines of the left atrium were obtained in 19 patients.
Left atrial angiograms were traced in each patient at the end of ventricular systole, excluding the atrial appendage and the pulmonary veins. Left atrial volume was calculated from the stop frame images using the light pen system used to obtain cross sectional echocardiographic measurements. Goerke although not significantly so, than the M mode anteroposterior dimension because the latter did not include the posterior aortic root echo. 13 Table 2 gives the values of cross sectional echocardiographic dimensions of the left atrium in normal subjects obtained with the parasternal and apical approach and these are compared with data of Schabelman et al. 24 and Weyman.'3 SIa and MLa dimensions were significantly shorter than SI and ML dimensions (p<O-OOl). In the parasternal projection For abbreviations of left atrial dimensions see Table 2 . For abbreviations of left atrial dimensions see Table 2 .
both SI and ML dimensions were significantly greater than AP dimensions in the short or long axis views (p<0*001). SI and SIa dimensions were significantly greater than ML and MLa dimensions (p<0001).
The correlations between left atrial dimensions and the body surface area in normal subjects were relatively low (Table 3) . Table 4 and Fig. 3, 4 , and 5 show the regression analyses between AP short, SI, and ML dimensions in normal subjects. Left atrial dimensions were correlated with each other: a good correlation was found between SI and ML dimensions (r=088), while these two dimensions had a relatively low correlation 5 Relation between left atrial superior-inferi medial-lateral dimensions in the parasteral long a? view respectively in normal subjects (r=0.88; p<0 patients with mitral valve disease (r=0-84; p<00 regression equation for normal subjects is y =I *14x patients with mitral valve diseasey =1 -22x -7.4. Fig. 4 Relation between left atrial superior-inferior and anteroposterior dimensions in the parasternal long and short axis view respectively in normal subjects (r=0-64; p<0-001) and in patients with mitral valve disease (r=049; p<0 002). Linear regression equation for normal subjects isy =1 13x +20-5 andfor patients with mitral valve diseasey =0-88x +31-3.
. *. coefficient with AP dimensions in the short axis view (r=0*64 and 053, respectively). Table 2 gives the cross sectional echocardiographic dimensions of the left atria of patients with mitral valve disease-subdivided into those with pure mitral valve regurgitation (11 patients) and those with mitral valve stenosis with or without associated valve regurgitation (26 patients). SI and ML dimensions were significantly greater than AP dimensions in the long axis and short axis views (p<O-00l); SI and ML dimensions were not significantly different. SIa dimensions were significantly greater than MLa (p<O.OOl). ML dimensions were significantly greater than MLa dimensions (p<0-OOl). Table 4 and Fig. 3 Normal limits are 2 SD of the mean of the controls.
subjects (p<0001) ( Table 2) . Thirty of 37 patients with mitral valve disease had at least one abnormal left atrial dimension ( Moreover, the phased array system provides a lateral resolution of the order of 2-3 mm.33 34Consequently, these latter two measurements were considered to be reliable.
In our normal subjects the left atrial dimensions were significantly greater than those reported by Schabelman et al. ,'1 4 but comparable to those reported by Weyman,13 except for the SI dimension assessed using the parasternal approach. This difference cannot be easily explained. Among the left atrial borders the superior is the most difficult to identify, particularly using the parasternal approach. 13 Using a higher window than the standard, however, we were able to visualise this border correctly in nearly all normal sub-
